A ferroelectric semiconductor field-effect transistor (FeS-FET) was proposed and experimentally demonstrated for the first time. In this novel FeS-FET, a two-dimensional (2D) ferroelectric semiconductor α-In2Se3 is used to replace conventional semiconductor as channel.
electric field and such polarization is reorientable by the ion displacement in the crystal. This structural phase transition in a ferroelectric material can be triggered by an external electrical field so that the ferroelectric material can have the two electric controllable non-volatile states 1 .
Thus, ferroelectric random access memory (FeRAM) has long been studied for non-volatile memory technology [2] [3] [4] [5] [6] [7] [8] [9] [10] . There are two types of FeRAM currently. One is capacitor type, which is to use a ferroelectric capacitor to build a 1T1C cell, like a dynamic random access memory (DRAM). However, the reading process in the capacitor type FeRAMs is destructive and requires rewrite after each reading operation. This structure has been commercialized but with a limited market share. Another type of FeRAM is FET type, which is to use ferroelectric fieldeffect transistors (Fe-FETs). In a Fe-FET, a ferroelectric insulator is employed as the gate insulator in a metal-oxide-semiconductor field-effect transistor (MOSFET), as shown in Fig.   1 (a). The channel conductance is used to detect the polarization state in the ferroelectric gate insulator so that the data reading operation in Fe-FETs is non-destructive. Considering the fast switching speed in ferroelectric materials (ns or less 4, 6, 8, 11, 12 ), non-destructive readout, nonvolatile memory state and simple structure for high density integration, the FET type FeRAM is a very promising memory technology. However, such FET type FeRAM structure haven't been commercialized since it was proposed in 1957 13 , because of its short retention time. The two major causes of the short retention time are the depolarization field and the gate leakage current 2, 14 . The depolarization field is the result of the potential drop across the interfacial dielectric and the band bending of the semiconductor, which leads to charge trapping at the ferroelectric insulator/semiconductor interface. Therefore, charge trapping and gate leakage current can cause charge accumulation at the ferroelectric insulator/semiconductor interface and then lead to the threshold voltage (VT) drift and the destruction of the memory state.
Here, we propose a new type of ferroelectric transistor, the ferroelectric semiconductor field-effect transistor (FeS-FET), which is fundamentally different from the previous devices and has the potential to migrate the issues of Fe-FET for FeRAM applications. In the FeS-FET, a ferroelectric semiconductor is employed as the channel material while the gate insulator is the dielectric, as shown in the schematic diagram in Fig. 1(b) . The two non-volatile polarization states in FeS-FETs exist in the ferroelectric semiconductor. Therefore, a high quality amorphous gate insulator can be used instead of the common polycrystalline ferroelectric insulator for FeFETs. Meanwhile, the mobile charge in the semiconductor may screen the depolarization field across the semiconductor. Thus, the charge trapping and leakage current through ferroelectric insulator in conventional Fe-FETs can be potentially eliminated. As a result, it can provide the potential performance improvement over the conventional Fe-FETs for non-volatile memory applications.
In this work, FeS-FETs using 2D layered ferroelectric semiconductor α-In2Se3 as the channel were experimentally demonstrated. α-In2Se3 is identified as the channel ferroelectric semiconductor [15] [16] [17] [18] [19] [20] because of its proper bandgap of ~1.39 eV, room temperature ferroelectricity with Curie temperature above 200 o C 19 , the ability to maintain ferroelectricity down to a few atomic layers 16, 18 and the feasibility for large-area growth 21, 22 . The fabricated FeS-FETs exhibit high performance with a large memory window, a high on/off ratio over 10 8 , maximum oncurrent of 671 μA/μm, high electron mobility of 488.1 cm 2 /V•s, and the potential to exceed the existing Fe-FETs for non-volatile memory applications. A strong piezoelectric response is observed with a single domain from a 78.7 nm thick α-In2Se3 flake, which is shown in Fig. 3 might be due to the ferroelectricity in α-In2Se3 is getting weaker in thinner channels, but it hasn't been clearly understood yet at the current stage. Therefore, the thickness dependence also suggests the ferroelectric polarization is critical to the performance and operation of the α-In2Se3
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FeS-FETs. The maximum remnant ID at VDS= 1V in devices with ALD passivation (135 μA/μm) is found to be significantly higher (nearly one order of magnitude) than that of devices without ALD passivation (13.7 μA/μm). Another note is that the clockwise hysteresis properties in the Device Characterization. The thickness of the α-In2Se3 was measured using a Veeco Dimension 3100 AFM system. SEM and EDS analysis were done using a Hitachi S-4800 FE-SEM and an
Oxford X-Max Silicon Drift Detector. DC electrical characterization was performed with a Keysight B1500 system in dark environment. Electrical data was collected with a Cascade
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Piezoelectric coefficient of α-In2Se3
To extract the piezoelectric coefficient, different AC voltages are applied on the sample from the conductive AFM tip which shows a linear relationship between the mechanical deformation (PFM amplitude) and the electric field, as shown in Fig. S1 . The piezoelectric coefficient (d33) of the α-In2Se3 flake is 32 pm/V. It should be noticed that the d33 obtained here is effective piezoelectric coefficient (d33,eff), which is affected by other tensor elements from the sample and tip-sample electrostatic interaction. 
